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Introduction Gauge-Higgs unification

Basic idea

@ |dentify the Higgs with one (or several) components of a
higher-dimensional gauge boson

A,(x) = 4D gauge bosons

Au(x,y) = Am(X) = 4D scalars

Y. Hosotani, Ann. Phys. (N.Y.) 190, 223 (1989).
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Introduction Gauge-Higgs unification

Basic idea

@ |dentify the Higgs with one (or several) components of a
higher-dimensional gauge boson

A,(x) = 4D gauge bosons

Au(x,y) = Am(X) = 4D scalars

@ 5D models predict a very light Higgs [Hall, Nomura, Tucker-Smith
(2002); Burdman, Nomura (2003); Haba, Shimizu (2003); Gogoladze,
Mimura, Nandi (2003) ...]

@ 6D models improve this prediction:

presence of a quartic coupling at tree level [Csaba Csaki, Grojean,
Murayama (2003); Scrucca, Serone, Silvestrini, Wulzer (2004);
Gogoladze, Okada, Shafi (2008); ...]

Y. Hosotani, Ann. Phys. (N.Y.) 190, 223 (1989).
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Introduction Gauge-Higgs unification

An example

Consider an SU(3) gauge theory compactified on T2/ 2 2

2See for example Scrucca, Serone, Silvestrini, Wulzer; JHEP. 02 (2004) 049.
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Consider an SU(3) gauge theory compactified on T2/ 2 2

1
Lop = —ZFMNFMN, M,N =0,1,2 8,5,6

FMN = 9yAN — OnAm — igs[Am, AN]
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Introduction Gauge-Higgs unification

An example

Consider an SU(3) gauge theory compactified on T2/ 2 2

1
Lop = —ZFMNFMN, M,N =0,1,2 3,5,6

FMN = 9yAN — OnAm — igs[Am, AN]

Take the case N = 2:
Spacetime: A* — A#, A" — A" m =25, 6.
: for the generators of SU(3), t; — ts

2See for example Scrucca, Serone, Silvestrini, Wulzer; JHEP. 02 (2004) 049.
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Introduction Gauge-Higgs unification

An example.. continuation

The combined transformations lead to the invariant states:
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The combined transformations lead to the invariant states:

AM = Za:1,2,3,8 Al(ia)%
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Introduction Gauge-Higgs unification

An example.. continuation

The combined transformations lead to the invariant states:

AM = Za:1,2,3,8 Al(ia)%

Hin =3 24567 AP m=5.6
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Introduction Gauge-Higgs unification

An example.. continuation

which in matrix form become

Al = 3 Al +/A A+ LAY o
0 0 —Z AP

1 W + 2 AP V2W 0

- 3 vaw, W@+ \}A(g) 0
0 0 - ZAD
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An example.. continuation

1 0 0 A LAl
Hm = 0 0 AD) + A
AL Al A6) Al 0

’ ( 0 0 Hf )
— 0 0 HY
V2 Hn H% 0
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Introduction Gauge-Higgs unification

An example.. continuation

Introducing the field expansions and integrating over the extra
dimensions we obtain the following Lagrangian (for the zero modes):
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Introduction Gauge-Higgs unification

An example.. continuation

Introducing the field expansions and integrating over the extra
dimensions we obtain the following Lagrangian (for the zero modes):

1 1
£ = —g(FR)?— 7(Bu)

. Ta

. 1 2
/g4 \/§§ BM) H

2wl
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Introduction Gauge-Higgs unification

An example.. continuation

Introducing the field expansions and integrating over the extra
dimensions we obtain the following Lagrangian (for the zero modes):

1 1

£ = —g(FR)?— 7(Bu)

) aT?d . 1 2
+ ‘(au — g Wi - Ig4\/§25M> M
5 H]

*+ :_:
oH:(%”g > tan@W:fsU

m
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Introduction Gauge-Higgs unification

An example.. continuation

Introducing the field expansions and integrating over the extra
dimensions we obtain the following Lagrangian (for the zero modes):

0 1 1
£ = —g(FR)?— 7(Bu)
) aT?d . 1 2
+ ‘(au — g Wi - /g4\/§28M> M
S
o?—t:<7_l”5 > tane)W:\fSv

m
[Haba, Shimizu (2003); Cacciapaglia, Csaki, Park (2006); AA, Diaz-Cruz
(2006) ...]
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Introduction Gauge-Higgs unification

An example.. continuation

2
@ Viass(H) = %’H‘4 — Vguant(H) = _Mz‘Hyz + /\‘,H’4
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Introduction Gauge-Higgs unification

An example.. continuation

2
Veiass(H) = %’H‘4 — Vguant(H) = _Mz‘Hyz + /\‘,H’4

°
@ Suppose that 2 > 0
@ Use (|H|) = v/V2
o v=yp/\

@ \=g0;/2
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°
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Constraints ...

@ Is it possible to obtain a gauge-unification scenario that
automatically gives 3

3Work done in collaboration with Jose Wudka: Phys. Rev. D 82, 096005 (2010)
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Constraints ...

@ Is it possible to obtain a gauge-unification scenario that
automatically gives 3

°o P — 1 — contains SU(2) doublets?

e Light gauge boson spectrum of the SM?
2

e a correct value for COS“ (/2

e the necessary hypercharge assignments for all matter fields?

3Work done in collaboration with Jose Wudka: Phys. Rev. D 82, 096005 (2010)
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Consider a 4 + n dimensional space-time M x (R"/T)
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Setup

Consider a 4 + n dimensional space-time M x (R"/T)
gelactonR"” as

g={rlly eT = {rily=ry +1
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Setup

Consider a 4 + n dimensional space-time M x (R"/T)
gelactonR"” as

g={rlly eT = {rily=ry +1

Assume: I has a translation subgroup ©

© = {{1|)_kiti}, ki e Z}
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Setup
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Setup

Denote the gauge group by G with gauge fields

Gauge vectors: AY = (A4, AT), Aa = {AT=", ... AD}
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Setup

Denote the gauge group by G with gauge fields

Gauge vectors: AY = (A4, AT), Aa = {AT=", ... AD}
We require (Vg € T):

As(x,y') = Ap(x,y)
Aa(x,y") = R(9)Ab(X, y)
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Consequences
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Consequences

The curvature is given by

FI — oM AN — AN + g oo AYAY
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Consequences

The curvature is given by

FI — oM AN — AN + g oo AYAY

invariance of the F? term implies

ro= A9); g={rl}

1 = R(9)R(9)
1 =
fa’b’c’ = fabc
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Consequences

... for the massless modes:

Ai(x,0) = AL(x,0)

R(Q)Ab(xv 0) = Aa(X7 0)

@ Light gauge bosons «+» associated to trivial subspace where V =1

@ 4D scalars «» subspace where V @ R =1
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getting the SM

@ Mustfind I, G € G, V, and R such that zero modes correspond to
the bosonic sector of SM (perhaps plus an extended gauge sector)

Alfredo Aranda (U. Colima - DCPIHEP) Constraints on realistic GHU models September 1, 2011 14/20



getting the SM

@ Mustfind I, G € G, V, and R such that zero modes correspond to
the bosonic sector of SM (perhaps plus an extended gauge sector)

SU(2) generators: Specified by choosing a root «

:|(1)[|61-C;JJr |\F|E J = ’\@‘E

Alfredo Aranda (U. Colima - DCPIHEP) Constraints on realistic GHU models September 1, 2011 14/20



getting the SM

@ Mustfind I, G € G, V, and R such that zero modes correspond to
the bosonic sector of SM (perhaps plus an extended gauge sector)

SU(2) generators: Specified by choosing a root «

:|(1)[|61-C;JJr |\F|E J = ’\@‘E

Hypercharge:
Y=NYy-C,a-y=0

@ C denote the Cartan generators
@ Eg are root generators
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resuslts for gauge bosons
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resuslts for gauge bosons

@ Presence of additional gauge bosons is generic AND independent
of I':

@ their associated y, o y — light!
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resuslts for gauge bosons

@ Presence of additional gauge bosons is generic AND independent
of I':

@ their associated y, o y — light!

@ Only choices of G with R = 0 are phenomenologically viable!.
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Vectors and scalars
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Vectors and scalars

Vector bosons

R
Ay = WiE,+ W E ,+Wa-C+> BYY-C+...
r=0
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Vectors and scalars

Vector bosons

R
Ay = WiE,+ W E ,+Wa-C+> BYY-C+...
r=0

Scalars: p = 1 — SU(2) doublets
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Vectors and scalars

Vector bosons

R
Ay = WiE,+ W E ,+Wa-C+> BYY-C+...
r=0

Scalars: p = 1 — SU(2) doublets
Scalars are associated with specific root generators Eg

An = Y (dnsEs+npEp) +...
B>0
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Vectors and scalars

Vector bosons

R
Ay = WiE,+ W E ,+Wa-C+> BYY-C+...
r=0

Scalars: p = 1 — SU(2) doublets
Scalars are associated with specific root generators Eg

An = Y (dnsEs+npEp) +...

B>0
- - tr[AH,A,,]Q:
R
1 _ R N
Z |¢n5|2{2a2W+W +(W3a.5+28,g’)y.5)2}
£>0 r=0
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Massive gauge bosons

Scalars can get vevs if they do not break charge:

<¢n6>7é0—>[Q,E5]:O—>B.<a+|a|2y):0

_B-a
|allyl

9./3:

Alfredo Aranda (U. Colima - DCPIHEP) Constraints on realistic GHU models September 1, 2011 17/20



Massive gauge bosons

Scalars can get vevs if they do not break charge:

<¢n6>7é0—>[Q,E5]:O—>B.<a+|a|2y):0

N 8- &
./8:_
y ally]
ForR=0 — —tr[AM,An]Zz
1 1
2 ) vt - (AL B2 (WO _ 2
Z |¢’75| {Za wrw +(a 6) (W,u (IyBM)}

B8>0
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Massive gauge bosons

Scalars can get vevs if they do not break charge:

<¢n6>7é0—>[Q,E5]:O—>B.<a+|a|2y):0

n 8- &
/8 —
y aly]
ForR=0 — —1tr[A,, An]2 =
1 B . 1
S lons {gotW W @ PR - B
£>0 y
o 1
tané,, = Tally]
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Hypercharge for quarks

Matter: There must be representations for which the standard Y
assignments are realized.
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Hypercharge for quarks

Matter: There must be representations for which the standard Y
assignments are realized.

o' simple roots, ux fundamental weights

a ol
T

o ol

o o
pk ol = éélk|ai|2 k=Y (a_1)jk of; =2
)
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Hypercharge for quarks

Matter: There must be representations for which the standard Y
assignments are realized.

o' simple roots, ux fundamental weights

a ol
T

o ol

o o
pk ol = éélk|al'|2 k=Y (6_1)jk of; =2
)

There is an integer N such that N (a~" ); = integer
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Hypercharge for quarks

Matter: There must be representations for which the standard Y
assignments are realized.

o' simple roots, ux fundamental weights

a ol
T

o ol

o o
,uk‘al:§5ﬂ(1i|2—>ﬂk22(a_1)ﬂ(0&/; al=2
)

There is an integer N such that N (a~" ); = integer
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Hypercharge for quarks

Matter: There must be representations for which the standard Y
assignments are realized.

o' simple roots, ux fundamental weights

a ol
i

o ol

o1, - S
pk ol = 0i |ail® = e = ; (a 1)jko/; al=2
There is an integer N such that N (a~" ); = integer

Pmax = ) miHi => (a_1m)/~ of
— =3 (ni/N) ' is the weight of any state
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Hypercharge for quarks

Matter: There must be representations for which the standard Y
assignments are realized.

o' simple roots, ux fundamental weights

a ol
i

jk a - o

A S
,uk‘al:Eéﬂai|2—>ﬂk22(a_1), of; al =2
)

There is an integer N such that N (a~" ); = integer
Pmax = Y miNi => (a_1m)/’ of

— 1= Y_(nij/N) ' is the weight of any state

Yiu) = (y-wlu) = (§ X i -y) )
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Hypercharge for quarks

Matter: There must be representations for which the standard Y
assignments are realized.
o' simple roots, ux fundamental weights

A S
,uk-a':§6,k|a,-|2—>,uk:Z(a_1), of; al =2
J

a ol
i

jk a - o

There is an integer N such that N (a~" ); = integer
Pmax = Y miNi => (a_1m)/’ of

— 1= Y_(nij/N) ' is the weight of any state

Yiu) = (y-wlu) = (§ X i -y) )

Thus, in order to accommodate quarks:

N

6 X integer

oy =
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Results
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Results

@ p =1 — Easy to satisfy
@ Consistent light gauge boson spectrum — Easy to satisfy
@ Contain hypercharge representations suitable for matter —

@ in addition, having acceptable values of cos 6y — impossible to
obtain
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Possibilities

Groups that can accommodate quarks and do not necessarily contain
light Z/
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Possibilities

Groups that can accommodate quarks and do not necessarily contain
light Z/

[ group | S5 o | y |

SU@l Jalj6l—2)] o' | fig/2
SO(2n+ 1) 3/4 o' | jip/6
Gg 3/4 011 ﬂ2/6

F4 3/4 ol | fia/6

Es 3/8 o’ | fip3/2

E7 3/4,3/5 a1’7 /'1273/6

Eg 9/16,3/8 | '8 | fin3/6
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Possibilities

Groups that can accommodate quarks and do not necessarily contain
light Z/

[ group | S5 o | y |

SU@l Jalj6l—2)] o' | fig/2
SO(2n+ 1) 3/4 o' | jip/6
Gg 3/4 011 ﬂ2/6

F4 3/4 ol | fia/6

Es 3/8 o’ | fip3/2

E7 3/4,3/5 a1’7 /'1273/6

Eg 9/16,3/8 | '8 | fin3/6
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Possibilities

Groups that can accommodate quarks and do not necessarily contain
light Z/

[ group | S5 o | y |

SU@l Jalj6l—2)] o' | fig/2
SO(2n+ 1) 3/4 o' | jip/6
Gg 3/4 011 ﬂ2/6

F4 3/4 ol | fia/6

Es 3/8 o’ | fip3/2

E7 3/4,3/5 a1’7 /'1273/6

Eg 9/16,3/8 | '8 | fin3/6

Thank you.
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